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Abstract 


A Simulation facility has been established at the NASA -Lewis Research Center 
to determine the response of typical spacecraft materials to the geomagnetic sub- 
storm environment and to evaluate Instrumentation that wUl be used to monitor 
spacecraft system response td this environment. Space environment conditions 
simulated include the thermal-vacuum conditions Of space, solar simulation, geo- 
magnetic substorm electron fluxes and energies, and the low energy plasma 
environment. Measurements for spacecraft material tests include sample currents 
sample surface potentials, and the cumulative number of dischargee. Discharee ' 
transients are measured by means of current probes and oscilloscopes and are 
verified by a photomultiplier. lietaUe of this facility and typical operating proce- 
dures are presented. * 


1. INTRODUCTION 


Geosynchronous Spacecraft have experienced anomalous electronic switching 
in the midnlght-to-dawn region Of their Orbits. * Environmental measurements 
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liave fihdwti teat eaerijies bt tranaleht particle flUSces are higher than expected to 
tele region. * ' t acecrsfl dhdmalous behavior correlatee well with the occur- 
rence of geomagnetic sUbstorme. ® Dlffeiehllal charging of spacecraft Surfaces 
can occur. and breakdown of charged dielectric materials can follow, breakdown 
cah result in electromagnetic Interference, degradation Of thermal control sur- 
facea, and surface contamlnatioh. ® 

A joint technolo^ program has beeh Implemented by NASA and the USA£-to 
investigate tee spacecraft charging phenomenon. ® One objective of tee joint 
program is to determine the charging behavior of spacecraft materials in a sub- 
storm environment and what effect configuration has on this behavior. This in- 
formation Will be used in future spacecraft design practice.. 

The approach to materials characterization is both experimental and analytical. 
The results of survey tests for a wide variety of spacecraft surface materials 
have been summarized ana have been published. An analytical program has 

been developed in parallel with the experimental effort. The experimental work 
has been performed in a facility specifically developed to Simulate tee substorm 
environment. This substorm Simulation facility is the subject of teis paper. 

2. FACILITY DESCRIPtlON 


The simulation facility Was developed to Characterize the behavior of Space- 
craft materials exposed to a simulation of the geomagnetic substorm environment. 
A schematic diagram of the spacecraft charging test facility is presented in 
Figure 1. 

2.1 Test Chamber 

The facility test chamber is a stainless steel vacuum chamber 1. 6 m to 
diameter and 1. 8 m in length. A i. 5-m diameter thermal Control shroud lines tee 
chamber interior. The shrOud temperature is Controlled by gaseous nitrogen 
which CaU-be set to any temperature in the range from -185® to +l2d®C. The 
Shroud is aluminum and Is painted with a black electrically conductive paint pro- 
viding a grounded boundary for all tests. The test chamber is pumped by a 0. 9 m 
<S8-ln. ) diameter oil diffusion pump and typically operates in the range from 
6 X Id"® to 2 X 10"^ torx*. PumpdoWn time IS on tee order of 9o to 120 minutes but 
generally testing is delayed until samples have sufficiently Outgassed. 

2.2 Simulation 

The subStOrm environment is simulated in discrete tocrements. the aspect 
of the substorm envl.fOnment teat IS Of most interest is the electron environment. 
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fSuIV’ Dlagrahi of the LeRC Subatorm Simulation 


It iS simulated with a uionoenergetic electron beam operated at a voltage in the 
wnge from 0 to 30 kV and at a current density in the range from 0 to 5 nA/cm2. 
The divergent electron beam is generated from a hot wire filament by means of a 
spherical segment acfcelerating grid kept at ground potential. The cathode and the 
beam-forming grids are biased negatively relative to this accelerating grid The 
electron beam current density is uniform to about 30 percent over a diameter of 

grid*” approJcimately l m from the accelerating 

Solar Simulation is used when photoeffects are to be determined. A 3/4-sun 
intensity xenon lamp is used; intensity is measured at the test plane. The solar 
Simulator is located outside the chamber and the radiation, is passed through a 
quarts window. The spectral distribution, with the quartz window of the chamber 
is Within 10 percent of that recently publishedl6 for Solar radiation. 

LOW energy plasmas are simulated by means of a gaseous nitrogen electron 
bombardment plasma Source. Nitrogen gas is admitted into a discharge chambei‘ 
containing a hot Wii<e filament cathode and a cylindrical shell anode. A magnetic 
field coll is spirally wound around the anode to increase the path length of the 
Immbardlng electrons from the cathode to the anode and thereby enhance the ionisa- 
tion efficiency. PlaSma densities from about 10 particles per cm3 up to 10 ^ par- 
ticles per cm3 can be simulated. The plasma Source is routinely used to discharge 
sanii)li»g after testing. ^ 





( 


I 

\ 


( 




2.3 Sample Ar^cornmodaiion 

Figure 2 ts a photograph of the te6t chamber interior. Simples to be tested 
are mounted on a three-posltlon sample rotator. Up to three differed samples 
can thus be tested during each pumpdown of the facility. Vacuum can be maintained 
for several weeks for survey tests of three samples. Samples Up to 30 by 30 cm in . 
size can be accommodated. The sample uhder test is located on the-test chamber 
centerline as is the electron Source. The electron source is mountedon the Cham- 
ber door seen partially on the right in Figure 2. 



Figure 2. 
Interioi* 


LeRC Sabsitorm ^iniulatibn Facility Chamber 


2.4 lnslrunientHti(>ii 

2.4. 1 ELECTRON ENVIRONMENT MEASUREMENTS 

The electron current density at the test location IS measured with a Faraday 
cup. The Faraday cup is mounted tb a 30 by 30 cm metal plate which shields the 
test sample. The t'araday cUp-Sample shield assembly Is positioned Ih front of 
the sample only while the current density is being Set. The entrance area of the 
Faraday cup is 10 cm^. The Suppression grid is opefated at -40 volts. Stationary 
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cwent probes are moUntod around the aat^ple. These probes are p'.*n metal 
disks, S cm. In. area, that are used to monitor. the current density a: the test plane 
throughout testing. The current densUy profile of the test plane is obtained by 
sweeping a rake of 5 current probes across the test Chamber. The Faraday cup 
shield, stationary Current probes, and rake can be seen in Figure 2. 

2.4.2 SAMFLE measurements 

Two basic measurements are made when a sample is Subjected to the simu- 
lated substorm environment. The first of these is the sample elec*>.oh Current- 
to-gpound. Samples are generally mounted on a metal plate substi . .• with the 
dielectric Surface facing the beam. During test the substrate is grounded through 

an electrometer. The current4hrough the sample is then obtained as a function of.- 
time. 

Sample surface potential is the second basic measurement made. Surface 
potential is measured by sweeping an electrostatic voltmeter probe across the 
sample surface. The electrostatic voltmeter is a noncontacting capacitance coupled 
ev ce. The electrostatic Voltmeter operates on a null balance principle whereby 
the surface potential probe is brought to the potential of the sample surface by. a 
high voltage power Supply. This design provides accurate measurement and 
minimises voltage gradients ih the measurement location. Tills measurement is 
made in the electron beam. Since the probe artd the sample are nearly the same 
potential, the probability of arcing between the probe and the surface under mea- 
surement is minimal. The response time of the device is 20 msec to change 10 kV.- 
this IS faster than typical charging times being measured. The probe-to-sample 
surface Spacing Is generaUy maintained at 2. 5 mm; resolution is within 5 percent 
at this spacing for spots larger than 9 mm in diameter or strips wider than 6.5 mm. 

When arc discharges occur, some additional data is taken. Loop antennas are 
used to sense and quantify discharge activity. The loop antennas are 15 cm in 
diameter and the plane of the loop intersects the plane of the sample within the 
sample area.. The antenna* to- sample spacing is about 0. 7 m. The signals re- 
ceived by the antennas are amplitude discriminated -such that all sensed pulses of 
greater than several specific magnitudes are counted. The cumulative number of 
discharges of amplitude greater, than 1. 2. 5. and 5 volts, for example, at the input 
to the discrimination circuitry then becomes the basic discharge data. When dis- 
charges occur, the sample current measuring electrometers are Shbrted out of the 
measurement circuitry and the sample current directly grounded. Inductively 
coupled current probes and fast oscilloscopes (100 and 250 MHz) are used to mea- 
surt tl,e Sro-dlScharge currents. A photomultiplier tube is used to Sense the 
visible emission portion of the discharges. The photomultiplier is also uSed to 
periodically verify the functioning of the discharge monitoring circuitry. 
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One df the inddt frequently used pieces of test chanlber apperetus is a Polsrdid 
cStnera which is used to photograph dlsehargeS. Discharge locations as \iveli aS 
sotne visual discharge characteristics are docutnented. Time exposures are made 
for Varying periods, de pending on the frequency of dischargin g. 

3.™ test EROCEDLihE 


3.1 Iniliftl Cdnditioi^- — 

Pribr tb any testing, all Instrumentation is calibr-ated. The test chamber iS 
then evacuated to a pressure of less than 5 X 10”'^ torr before any equipment is 
operated. Samples are generally maintained in Vacuum for up to 16 hr before any 
high Voltage testing is performed. Outgassing for this period has been found to be~ 
good practice. Before any testing is perfbrmed the sample Surface potential is 
measured and discharged with the plasma source. The state of the sample surface 
iS.determined from measurements by the sample surface potential probe. 

3.2 Eslabtisli Electron Substorm Conditions 

The electrbn beam-is established by bringing the Faraday cup-shield assembly 
to its position in front bf the sample shielding the sample from the electron beam. 
The proper electron beam conditions are then set. These conditions are typically 
a beam voltage of 2. 5 ,. 10, l2,. 14, 16, id, or 20 kV negative at a current 

density of 0. 5, 1, or 3 nA/cm^. Testing Is performed by starting at the lowest 
beam voltage and current density and increasing these, in steps, as the test 
progresses. 

3.3 Testing 

Testing is typically performed by setting the beam conditions and stepping 
through increasing beam voltages at a given current density* increasing the cur- 
rent density* and then again Stepping through increasing beam Voltages. The 
sample is discharged with the plasma source before the beam voltage is changed. 

In this manner* conditions from -2 kV at 0. 5 nA/cm^ to -20 kV at 3 nA/cm^ are 
Imposed upon the sample. If the test is a Survey test, each condition Is main- 
tained for 20 minutes or until equilibrium is attained* whichever is longer. When 
long term effects are under Investigation* the specific conditions of Interest are 
imposed on the sample for periods of days or Weeks as appropriate. 

Testing IS routinely done in the dark and at ambient temperature. When 
photoeffects are to be determined, testing iS repeated with the solar simulator 
illuminating the sample. Simulation of solar eclipse conditions can be done by 
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testing with and without soUr simulation for given periods of time. Eclipse 
testing might be pefformed, for eJiartiple,. With a -20 kV beam at luA/cm^ fOf 
30 mlhute alternating periods of solar simulation ahd-darkhess. 


1. COXCLLDIMG hiCMARkS 


The LeRC SUbstorm facility is in Continuous, reliable operation. Characteri- 
zation of spacecraft materials is Ih progress and Some results have been reported. 
The facility is modified to incorporate new techniques of measurement and simu- 
lation as they are required or as they are available. Independent development of 
instrumentation is Continuously maintained and, when Significant instrumentation 
advances are achieved, they are incorporated into the facility. 
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